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PROBABILISTIC NEURAL NETWORK
BASED MOVING OBJECT DETECTION
METHOD AND AN APPARATUS USING THE
SAME

TECHNICAL FIELD

The present disclosure is directed to amoving object detec-
tion method based on a probabilistic neural network (PNN)
model and an apparatus using the same method.

RELATED ART

During recent years, image detection systems have been
proposed in various applications in order to identify moving
objects. In particular, wireless video surveillance has been a
key technology in the management of intelligent surveillance
system which uses automatic detection to track a moving
object. Within the field of traffic management for example,
image detection techniques have deployed in intelligent
transportation system for the purpose of optimizing the traffic
flow. By accurately distinguishing vehicles in the midst of
background objects, an intelligent transportation system may
more accurately know the current traffic volume along a road
or a highway or to even detect and track a particular vehicle.

There are at least three conventional approaches by which
moving vehicles could be detected: optical flow, temporal
difference, and background subtraction.

The optical flow technique would be based on the projected
motion on the image plane. Unfortunately, the optical flow
technique could be both very sensitive to noise and very
inefficient for traffic applications and thus would not be con-
sidered for the present disclosure.

A temporal differencing technique has been used to calcu-
late the difference between consecutive frame in order to
adjust for environmental changes when detecting moving
vehicles. However, this method incompletely extracts the
shapes of moving vehicles, a problem which is especially
prevalent when vehicles are motionless or exhibit limited
mobility. There present disclosure would have no resem-
blance with the temporal diftferencing technique.

Background subtraction has been a particularly popular
method for detecting moving vehicles in video sequences.
The background subtraction technique accomplishes back-
ground pixel detection by comparing the pixel feature difter-
ences between the current image and a reference background
model of the previous image. The technique of background
subtraction at this point in time has been the most satisfactory
method for solving problems related to moving objects in an
image.

Many variations of the background subtraction method
have been proposed and used in previous studies to detect
moving vehicles within video sequences in an ideal band-
width network environments. An 2-A filter technique has
been used in the Sigma Difference Estimation (SDE)
approach so as to estimate two orders of temporal statistics for
each pixel of the sequence in accordance with a pixel-based
decision framework. Unfortunately, using a single Z-A filter
for each incoming pixel may be insufficient for complete
object detection when the SDE approach operates in certain
complex environments. The Multiple SDE (MSDE) approach
which combines multiple Z-A estimators to calculate a hybrid
background model was developed in order to solve the prob-
lem. In addition to the Z-A filter technique, each pixel value is
modeled independently in one particular distribution by using
the Gaussian Mixtures Models (GMM) approach. The sub-
sequent distribution of each pixel is determined based on
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whether or not it belongs to the background. In contrast, a
background model derived by the Simple Statistical Differ-
ence (SSD) uses the temporal average as the main criteria to
accomplish the detection of moving vehicles. The Multiple
Temporal Difference (MTD) approach retains several previ-
ous reference images with which to calculate the differences
between each frame. This, in turn, shrinks gaps within the
moving objects.

However, video communication from these traffic cameras
over real-world networks with limited bandwidth may fre-
quently suffer network congestions or bandwidth instabili-
ties. This is especially true when transmitting video informa-
tion over wireless video communication systems. To allocate
the available amount of network bandwidth and produce vari-
able bit-rate video streams, a rate control scheme would be
used with the assistance of using H.264/AVC as an effective
video-coding tool. Suitable bit-rate video streams could thus
be produced for transmission over a network with limited and
fluctuating bandwidths. However, none of the aforemen-
tioned technique could adequately detect moving objects
from images with constantly fluctuating qualities. When data
traffic congestions occur in a communication network, most
user could tolerate a streaming video having reduced quality
rather than a video which lags or stands still. Therefore, a rate
control scheme has been introduced as an effective video-
coding tool for controlling the bit rate of video streams. Using
this technique, variation bit-rate video streams could be pro-
duced which allows robust transmission in wireless commu-
nication systems.

Unfortunately, although the rate-control scheme may
increase the efficiency of video stream transmission over
networks with limited bandwidth, its tendency to continu-
ously change the bit rate decreases the ease of detecting
moving objects. Because of'this, the aforementioned state-of-
the-art background subtraction methods in variable bit rate
video streams generally cannot produce satisfactory detec-
tion results.

For example, FIGS. 1(a) and 1(b) shows a same streaming
video captured by a camera and transmitted over a wireless
network. FIG. 1(a) is frame number 570 which has a bit rate
1,000,000 pixels per second, and FIG. 1(b) is frame number
685 which has a bit rate 020,000 pixels per second. FIG. 1(a)
illustrates a pixel 101 of a freeway asphalt pavement, FIG.
1(4) illustrates the same pixel 102 of the subsequent frame of
the freeway asphalt pavement. FIG. 1(c) compares data of the
same pixel from which its intensity variations in luminance
(Y) component over the frame index were gathered. Under
the scenario of FIG. 1(a), FIG. 1(b), and FIG. 1(¢) after the
image bit rate has switched from a high quality signal to a low
quality signal, the pixel value fluctuation would often disap-
pear and a pixel value indicating a moving object 103 such as
a moving vehicle would often be misinterpreted as a back-
ground object by using a conventional background subtrac-
tion technique.

For another scenario, FIG. 2(a) shows a frame number
1660 of a same video stream, and frame number 1660 has a bit
rate of 30,000 pixels per second. FIG. 2(b) shows a frame
number 1830 of a same video stream, and the frame number
1830 has a bit rate of 2,000,000 pixels per second. A back-
ground pixel 103 is sampled from the frame of FIG. 2(a), and
the background pixel 104 is sampled from the frame of FIG.
2(b). F1G. 1(c) compares data of the same pixel from which its
intensity variations in luminance (Y) component over the
frame index were gathered. Under the scenario of FIG. 2(a),
FIG. 2(b), and FIG. 2(c), when the network bandwidth is
sufficient, the rate control scheme would typically increase a
low bit-rate video stream to high bit-rate video stream in order
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to match free network bandwidth, the background the fluc-
tuations 105 of pixel value under a conventional background
subtraction would often result in a false positive as the back-
ground pixel would often been misinterpreted as a moving
object.

In response to the aforementioned problem of misidentifi-
cation resulted from transmitting captured imaged of fluctu-
ating qualities, a new type of moving vehicle detection
method could be proposed in order to enhance the accuracy of
image detection under the circumstance of having variation
bit-rate video streams.

SUMMARY OF THE DISCLOSURE

Accordingly, the present disclosure proposes a moving
object detection method based on a probabilistic neural net-
work (PNN) model through artificial neural networks and an
apparatus using the same, and the present disclosure is suit-
able for transmitting video images over fluctuating band-
width limiting networks.

The proposed method is aimed to discern whether a pixel in
a video image would be categorized as a background image
pixel or a moving object pixel for the purpose of detecting
moving objects in a stream of video sequences in which video
frames could contain a mixture ofhigh bit rate frames and low
bit rate frames. The method could be summarized as follows.
A background model would be generated based on the PNN
model which contains four layers including an input layer, a
pattern layer, a summation layer, and an output layer. Each
layer would be composed of a plurality of neurons with each
neuron associating with a particular number as weight which
could be established by first analyzing pixel distributions of
the time series of each incoming pixel at every frame of the
stream of video sequences during a training process. The
pixel distributions would then be relayed to the pattern layer
neurons of PNN, whereupon the neurons would be differen-
tiated into categories for the construction of the summation
layer in the PNN structure.

Next, after having a background image model in place, for
each incoming frame of the video sequence, the frame would
be divided into a plurality of blocks. A block estimation
procedure would be used to statistically eliminate blocks
which would be highly likely to contain only background
images or highly unlikely to contain any images of moving
objects. From the remaining blocks, each pixel would be
determined as for whether the pixel is a background image
pixel or a moving image pixel by utilizing the established
background image model. The background image model
would then be updated so that subsequent detections could be
more accurate under the environment of variable bit-rates.

In order to make the aforementioned features and advan-
tages of the present disclosure comprehensible, preferred
embodiments accompanied with figures are described in
detail below. It is to be understood that both the foregoing
general description and the following detailed description are
exemplary, and are intended to provide further explanation of
the disclosure as claimed. It also should be understood, that
the summary may not contain all of the aspect and embodi-
ments of the present disclosure and is therefore not meant to
be limiting or restrictive in any manner. Also the present
disclosure would include improvements and modifications
which are obvious to one skilled in the art.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
further understanding of the disclosure, and are incorporated
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4

in and constitute a part of this specification. The drawings
illustrate embodiments of the disclosure and, together with
the description, serve to explain the principles of the disclo-
sure.

FIGS. 1(a)~1(c) illustrate an exemplary scenario in which
intensity variations of a same pixel has shifted from having a
low bit-rate to a high bit-rate in a video stream.

FIGS. 2(a)~2(c) illustrate an exemplary scenario in which
intensity variations of a same pixel has shifted from having a
high bit-rate to a low bit-rate in a video stream.

FIG. 3 illustrates an exemplary system architecture which
utilizes the proposed method from the hardware perspective
in accordance with one of the exemplary embodiments of the
present disclosure.

FIG. 4 illustrates a four layer PNN architecture in accor-
dance with one of the exemplary embodiments of the present
disclosure.

FIG. 5 illustrates the proposed PNN-based motion detec-
tion (PNNMD) in terms of functional block diagrams in
accordance with one of the exemplary embodiments of the
present disclosure.

FIG. 6 is a flow chart of the proposed PNNMD approach in
accordance with one of the exemplary embodiments of the
present disclosure.

FIG. 7 is atable which illustrates specific parameter values
of PNNMD in accordance with one of the exemplary embodi-
ments of the present disclosure.

DETAILED DESCRIPTION OF DISCLOSED
EMBODIMENTS

Reference will now be made in detail to the present pre-
ferred embodiments of the disclosure, examples of which are
illustrated in the accompanying drawings. Wherever pos-
sible, the same reference numbers are used in the drawings
and the description to refer to the same or like parts.

FIG. 3 illustrates an exemplary system architecture which
utilizes the proposed method from the hardware perspective
in accordance with one of the exemplary embodiments of the
present disclosure. A typical system for object detection
could be deployed in a traffic management system to detect
traffic volume or a particular vehicle or could be deployed in
an airport or shopping center for security reasons. The exem-
plary system of FIG. 3 may include a recording platform 350
and an analysis platform 352. The recording platform 350
may include a video source 301 which is an apparatus for
capturing videos such as one or more surveillance cameras.
The video source 301 would output captured raw footage to a
video encoder 302 which would typically be controlled by a
rate control module 303. The video encoder 302 would output
encoded video to an encoder buffer 304 which would interact
with the rate control module 303 to control the video encoder
302. The recording platform would then output encoded vid-
eos to a network 351 by going through a wireless connection
ora cable connection. The network 351 could bea 3G or LTE
network connected to a core network, or the network could be
an intranet or a private network. The encoded videos would
then be received by the analysis platform 352. The analysis
platform would include a video decoder 305 which decodes
received encoded videos, and the decoded videos would then
be transferred to a motion detection module 306 which would
then output analyzed detection result 307.

It should be mentioned that the motion detection 306
would typically be performed as a part of the video encoder
302 within the recording platform; however the present dis-
closure would favor the motion detection 306 being imple-
mented after the video decoder 305. The advantage of doing
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so is that the motion detection 306 could be performed for
video of any specifications as opposed to videos having to
adhere to a particular type of specification. The analysis plat-
form 352 could be an electronic device having a processor, a
storage medium, and transceiver. The transceiver would
receive encoded video received from the network 351, the
storage medium would provide a temporary or permanent
storage mean for the analysis platform 352, and the processor
would be used to perform the moving object detection method
as proposed.

The present disclosure proposes an approach of using PNN
through artificial neural networks to detect moving vehicles
in response to receiving low and high bit-rate video streams.
The architecture of PNN would include an input units layer
401, a pattern units layer 402, a summation units layer 403,
and an output units layer 404 as illustrated by FIG. 4. Each
neuron or node of the layers 401~404 contain typically a real
number. The new way of calculation of these numbers would
be presented later on. The motion detection module 306 may
have at least two parts, a background generation module 502
and amoving vehicle detection module 505 which is shown in
FIG. 5. The architecture of PNN would be used in both the
background generation module 502 and the moving vehicle
detection module 505.

FIG. 5 illustrates the modules involved in the proposed
PNN-based motion detection (PNNMD) method in terms of
functional block diagrams. An input of an original video
frames sequence (i.e. decoded video sequence obtained from
the video decoder 305) would be received by the background
generation module 502 which generates a module of the
background pixels. For any particular spot where images are
continuously being captured, the background could be
assumed to be fixed. The background generation module
would have at least a first sub-module 503 which calculates
the pixel distributions from the original sequences 501, and a
second sub-module 504 which determines the background
candidates 504 of the original sequence 501. More specific
details related to the background generation module 502
would be presented later on. Essentially, to accommodate the
properties of video streams with different bit rates, the pro-
posed background generation module 502 would activate the
neurons of the pattern units layer 402 and the summation units
layer 403 by analyzing the pixel distributions from the time
series of each incoming pixel at every frame received by the
input units layer 401. This pixel distributions information will
then be relayed to the pattern units 402 layer neurons of PNN,
whereupon the neurons will be differentiated into categories
for the construction of the summation units layer 403 in the
PNN structure.

Next, the proposed moving vehicle detection module 505
would be implemented to accurately detect moving vehicles
in either low or high bit-rate video streams. The generated
background model of the background generation module 502
would be outputted to the moving vehicle detection module
505 which would have at least a third sub-module 506 which
does block estimation to determine blocks most likely have
only background pixels. Block which most likely would have
only background pixels would be eliminated from the subse-
quent moving object detection process. The fourth sub-mod-
ule 507 would calculate each value of block statistics to
eliminate the unnecessary blocks that are regarded as having
a high probability of containing only the background area.
This would allow the subsequent vehicle detection procedure
to detect moving vehicles from only those blocks that are
regarded as having a high probability of containing moving
vehicles. After blocks most likely to have only background
pixels have been filtered out, the output from the third sub-
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6

module 506 will be delivered to the fourth sub-module 507
which detects for pixels which are supposed to have moving
objects. After the task has been completed by the fourth
sub-module 507, the fifth sub-module 508 performs back-
ground updating to update the background model generated
for this particular sequence of motion images by a back-
ground updating procedure to be proposed later on so that the
moving vehicle detection module 505 can accurately fulfill
the extraction of moving vehicles in variable bit-rate video
streams for subsequent frames.

FIG. 6 is a detailed diagram of the proposed PNNMD
approach in accordance with one of the exemplary embodi-
ments of the present disclosure, and please refer to FIGS. 4-6
together. The proposed PNNMD approach would take in a
video sequence 601 and generate a background model 602.
The background model would then define the PNN structure
603 by establishing the relationships between the input units
layer and the pattern units layer in order to determine the
number of neurons of the pattern units layer as well as the
coefficients of each neuron of the pattern units layer. The
PNN structure would then be used by the moving object
detection module 604 to determine on a pixel by pixel basis
whether a pixel is a moving object pixel or a background
pixel.

In an attempt to support extensive video applications, the
input layer of PNN is built in the Y C, C, color space by three
perceptual variables: luminance (Y), blue-difference chroma
(C,), and red-difference chroma (C,). This would be to sup-
port all different specifications of motion images. The color
component of a pixel p,(x, y) can be presented as (Y, C,, C,)
via luminance, blue-difference chroma, and red-difference
chroma values, respectively, in each incoming video frame I,
as the inputs to the neurons or nodes of input units layer (e.g.
401). The x and y of the pixel p,(X, y) refers to the coordinate
of a particular pixel, and t refers to a particular incoming
frame. Accommodation of bit-rate fluctuations in video
streams requires construction of a precise background model.
This is accomplished by PNN through the activation of the
pattern layer neurons (e.g. 402) at each incoming t-th frame.
Each incoming pixel intensity p,(x, y) would be digitized into
L levels that are {p,(X; ¥)o, PAX; ¥)1s - - - » PAX; ¥)z. }- (The L
level here refers to gray scale levels would thus contain values
such as 0~255) The number of times that each level appears in
the incoming t-th frame is calculated by comparing the his-
tograms of the pixel distributions to generate the pattern-layer
neurons of PNN. The pixel distributions can be determined as
follows:

ey
where n, is the number of pixels whose level is p (x; y),. After
the pixel distributions are generated, the pattern-layer neu-
rons C(X; y), are activated on the basis of the applied suitable
threshold value €, which can be expressed as follows:

D(Pz)(xx)’)k:{”lo:nl ----- [ an—l}

€ Ci(x, y);, if D(p;(x, y)y )z e 2)

Pi(x, y)k{ & Clx, y), if Dip(x, y)) <&

where k=0to L-1.

Equation (2) in plain language means that when the distri-
bution of a particular incoming t-th frame exceeds a threshold
€, then the pixel intensity p,(x, y) would be set to equal to C,(x,
y); which would then be used as the weight or W, of a neuron
or node of a pattern unit.

Next, we would define a comparison that returns the iden-
tity category for the given input neurons of the pattern layer in



US 9,159,137 B2

7

order to determine whether the neurons of the pattern layer
belong to the neuron of the summation layer. This is accom-
plished by comparing the similarity between the neurons
C/(x;y), and C(X; ¥),,, and then assigning C,(x; y), to either
class U(x; y),, or class U(X; ¥),,.,- This can be expressed as
follows:

€ Ci(x, y);» if |Cylx, ¥); = Cilx, y); + <A
& Ci(x, y);, if |Celx, ¥); = Celx, ), + 1] > A

©)
U, Yy =

where A is an empirical threshold.

Equation (3) in plain language compares the weight value
of a particular neuron with the weight value of an adjacent
neuron. When the weight values are determined to be dissimi-
lar and the dissimilarity would exceed a certain threshold,
then a new neuron would be created between the two adjacent
neurons which were compared. Also it should be noted that
establishing the PNN structure may require some training
initially.

After the Y C, C, components (Y, C,, C,) of the incoming
pixel p,(x; y) have been delivered to the pattern-layer neurons
W(x, y); to W(X, y),, to estimate the similarity between the
current incoming pixel p,.(x; y) and the i-th pattern-layer
neuron W,, a block estimation procedure which combines the
Euclidean distance with the Gaussian activation function
would be used. The difference between the current incoming
pixel p,(x; y) and the i-th pattern-layer neuron W, could be
expressed as follows:

—llpe(x; y) - W;IIZ] @

Z(ps, WiIm = eXp( 202

where ois the empirical tolerance, m=1 to E, and E represents
the number of summation-layer neurons. After the Gaussian
activation function is calculated, the summation-layer neu-
rons sum the Gaussian activation function in each category as
follows:

Smy=2, " Zp, Wy, ®

where H is the number of pattern-layer neurons in the m-th
summation-layer neuron. Then, the maximum value of the
sum is chosen to determine whether the block has a high
probability of containing background information. This can
be expressed as follows:

SpnarMaK e pS(M)

(6

Moreover, each incoming frame would split into NxN
blocks, and each block state would be examined using the
Gaussian activation function. The sum of the Gaussian acti-
vation functions within each NxN block from each neuron of
the summation layer is as follows:

o

9= Z Smax

Pref

Where p, is each pixel value of the corresponding block 1, and
the block size N could be set to 4 empirically. To determine
whether the block A (i; j) has a high probability of containing
the background information, the calculated sum of the block
must exceed a threshold value T, and subsequently be labeled
as ‘0’. Otherwise, the block A (i; j) will be labeled as ‘1” to
indicate a high probability that the block contains moving
vehicles. This decision rule can be expressed as follows:
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0,if p=7 (8)

A, ) ={

1, otherwise

After the third sub-module 506 which performs the block
estimation procedure to eliminate blocks that are determined
to have a high probability of containing background informa-
tion, the fourth sub-module 507 would perform the vehicle
detection procedure to detect moving vehicles within only
those blocks that are regarded as having high probability of
containing moving vehicles.

The detection result would strongly depend on the output
layer of the PNN, which generates the binary motion detec-
tion mask. This is accomplished via the winner-takes-all rule
as follows:

H ©)

Where 7, is the output value of the i-th pattern-layer neuron
in the m-th summation layer, and H is the number of pattern
layer neurons in the m-th summation layer. The binary mask
of'moving vehicles can be evaluated using the decision rule as
follows:

Lif Yx, ) <w (10)

F(x,y)={

0, otherwise

where o represents the experiential threshold value and F(x,
y)is labeled either as ‘1’ to represent a motion pixel thatis part
of'a moving vehicle or as ‘0’ to represent a background pixel.

After all the operations are completed for the current
incoming frame, the fifth sub-module would use an equation
to update the neurons of the pattern layer in the proposed
background updating procedure for the next incoming frame
as follows:

an

where W(x; y)'; and W(x; y), would represent the updated and
the original i-th neurons at position (X, y), respectively, and o
is the empirical parameter.

FIG. 7 is atable which illustrates specific parameter values
of PNNMD in accordance with one of the exemplary embodi-
ments of the present disclosure. It should be noted that the
values of FIG. 7 were considered optimal at the time of the
publication of the above mentioned essay incorporated by
reference, these values would be associated with a range or
tolerance which is presented in the essay. Also the essay
contains experimental results and discusses the merits and
achievement of the proposed method in greater detail.

In view of the aforementioned descriptions, the present
disclosure is able to accurately discern a moving object from
a background object in a pixel-by-pixel determination basis
within an environment of a bandwidth limiting network.

No element, act, or instruction used in the detailed descrip-
tion of disclosed embodiments of the present application
should be construed as absolutely critical or essential to the
present disclosure unless explicitly described as such. Also,
as used herein, each of the indefinite articles “a” and “an”
could include more than one item. If only one item is
intended, the terms “a single” or similar languages would be
used. Furthermore, the terms “any of” followed by a listing of

Wxy) =(1-a)Wxy)+ap )
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aplurality of items and/or a plurality of categories of items, as
used herein, are intended to include “any of”, “any combina-
tion of”’, “any multiple of”, and/or “any combination of mul-
tiples of the items and/or the categories of items, individually
or in conjunction with other items and/or other categories of
items. Further, as used herein, the term “set” is intended to
include any number of items, including zero. Further, as used
herein, the term “number” is intended to include any number,
including zero.

It will be apparent to those skilled in the art that various
modifications and variations can be made to the structure of
the disclosed embodiments without departing from the scope
or spirit of the disclosure. In view of the foregoing, it is
intended that the disclosure cover modifications and varia-
tions of this disclosure provided they fall within the scope of
the following claims and their equivalents.

Moreover, the claims should not be read as limited to the
described order or elements unless stated to that effect. In
addition, use of the term “means” in any claim is intended to
invoke 35 U.S.C. §112, 96, and any claim without the word
“means” is not so intended.

The invention claimed is:

1. A moving object detection method based on a Probabi-
listic Neural Network (PNN) model to distinguish a moving
object pixel from a background object pixel in a video image
delivered over a bandwidth limited network, and the method
comprising:

receiving a sequence of images of a fixed location;

generating from the sequence of images a background

model based on the PNN model having four layers com-
prising an input units layer, a pattern units layer, a sum-
mation units layer, and an output units layer;

defining the nodes of the four layers of the PNN model, the

weight coefficient for each of the nodes, and the rela-

tionships among the nodes, wherein defining the nodes

of the pattern units layer comprises:

receiving pixel intensity p,(X, y) for each pixel of each
t-th frame of the sequence of images, wherein the
pixel intensity p(X, y) for each pixel has L possible
levels;

generating a histogram distribution for each t-th frame
of pixel intensity p,(x, y) of all pixels, and the distri-
bution is represented by D(p(x, y),)={ny, n,, . . .,
n, . .., 0, }, wherein n, is the number of pixels
whose level is p,(X, y) for each intensity level from 0
to k, and D(p,(x, y),) is the distribution; and

defining i-th node and assigning weight coefficients,
C/x,y),, for the i-th node according to

€ Ci(x, y);» if D(p,(x, Woze

Pi(x, y)k{ & Ci(x, y);, if D(p,(x, y),) <e

where k=0 to -1, and € is a predetermined threshold;

receiving a current frame of the sequence of images and
dividing the current frame into N by N blocks where N is
a positive integer greater than 1;

determining pixel blocks by eliminating from the N by N
blocks which are statistically determined to contain only
background pixels; and

determining whether a pixel of the pixel blocks of the
sequence of images is a moving object pixel or a back-
ground object pixel by comparing the maximum value of
all nodes of the output units layer against an output
threshold.

10

2. The method of claim 1, wherein after all pixels of the
pixel blocks of the current frame have been evaluated, claim

1 further comprising:
updating nodes of the pattern units layer for the next frame
5 of the current frame according to W(x,y)',=(1-c)W(x,
V) +0p(X,y), where W(X,y)'; is an updated coefficient of
i-th node at position (x,y) of the next frame t+1, W(x, y),
is coefficient of i-th node of the current frame t, p(x, y)
is pixel intensity of a pixel at the position (X, y) of the

10 current frame t, and o is a predetermined empirical
parameter.
3. The method of claim 1 further comprising:
determining whether to add new nodes by comparing the
15 similarity of the coefficients between two nodes C (x, y),
and C (X, y),,, according to
€ Ci(x, y);» if |Gy (x, ¥); = Celx, y); + <A
Ulx, y)m{ .
20 & Ci(x, y);, if |Gy (x, y); = Cil(x, y); +1/>A
so that if the similarity between C(x, y), and C/(X, ¥),,;
exceeds the threshold A then a new node U(x, y),,,,
5 between C,(X, y), and C,(X, y),,, is generated.

4. The method of claim 3, wherein determining pixel
blocks by eliminating from the N by N blocks the blocks
which are statistically determined to contain only background
pixels comprising:

dividing the current frame into N by N blocks;

30
for afirst block of the N by N blocks, estimating a similarity
score Z(p,, W,)m between the p(x, y) and the i-th node
W, in the pattern units layer according to
35
=llp:(x; ) = Wil
Zpi, Wi = exp(T),

where o is an empirical tolerance, and m=1 to E, where E
represents the total number of nodes in the summation units
layer;

determining whether the first block contains only back-

ground pixels by using the similarity score.

5. The method of claim 4 wherein determining whether the
first block contains only background pixels by using the simi-
larity score comprising:

obtaining the similarity score in each category of the sum-

mation units layer of the first block of the current frame;
selecting the maximum value from the similarity score in
each category of the summation units layer;
summing the similarity score within each of the N by N
blocks of each node of the summation units layer; and

the first block is determined to contain only background
pixels when summing the similarity score generates a
value which exceeds an experiential threshold.

6. The method of claim 5, wherein obtaining the similarity
score in each category of the summation units layer of the first
block of the current frame is according to S(m)=2,_,“Z(p,,
W,),,, where H is the total number of nodes in the pattern units
layer of the m-th summation units layer node and selecting the
maximum value from the similarity score in each category of
the summation units layer is according to S, =max, _, -
S(m).

7. The method of claim 6, wherein summing the similarity
score within each of the N by N blocks of each node of the
summation units layer is according to
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¢= " Snac

Prep

where p, is each pixel value of the first block p; and the first
block is determined to contain only background pixels when
summing the similarity score generates a value which
exceeds an experiential threshold according to

0,if p=7

1, otherwise

As(i, ) ={

such that when the block A (i, j) of the current frame exceeds
the experiential threshold T, the block A (i, j) is determined to
contain only background pixels.

8. The method of claim 4, wherein determining whether the
pixel of the pixel blocks of the sequence of images is the
moving object pixel or the background object pixel by com-
paring the maximum coefficient of the output units layer
against the output threshold comprising:

calculating values of all the nodes of the output units layer

and obtaining Y, the maximum value of all the nodes of
the output units layer, according to

where 7, is the value of the i-th pattern units layer node in the
m-th summation layer, and H is the total number of pattern
layer nodes in the m-th summation layer, and

the pixel is determined to be a moving object pixel when Y

exceeds the output threshold.

9. The method of claim 1, wherein the input units layer
receives the p,(X, y) value in YC,C, color space where Y is
luminance, C, is blue-difference chroma, and C, is red-dif-
ference chroma.

10. A moving object detection apparatus comprising a
transceiver for transmitting and receiving data and a proces-
sor coupled to the transceiver and is configured for:

receiving from the transceiver a sequence of images of a

fixed location;

generating from the sequence of images a background

model based on the PNN model having four layers com-
prising an input units layer, a pattern units layer, a sum-
mation units layer, and an output units layer;

defining the nodes of the four layers of the PNN model, the

weight coefficient for each of the nodes, and the rela-

tionships among the nodes, wherein defining the nodes

of the pattern units layer comprises:

receiving pixel intensity p(x.y) for each pixel of each
t-th frame of the sequence of images, wherein the
pixel intensity p(X, y) for each pixel has L possible
levels;

generating a histogram distribution for each t-th frame
of pixel intensity p,(x,y) of all pixels, and the distri-
bution is represented by D(p,(x,y),)={ny, n,, . . .,
n, ..., n; }, wherein n, is the number of pixels
whose level is p,(X, y) for each intensity level from 0
to k, and D(p,(x,y),) is the distribution; and defining
i-th node and assigning weight coefficients, C(X, y),,
for the i-th node according to
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€ C(x, ), if D(p,(x, Woze

Pi(x, y)k{ & Cilx, y),, if D(p:(x, y))<e

where k=0 to -1, and € is a predetermined threshold;
receiving a current frame of the sequence of images and
dividing the current frame into N by N blocks where N is
a positive integer greater than 1;
determining pixel blocks by eliminating from the N by N
blocks which are statistically determined to contain only
background pixels; and

determining whether a pixel of the pixel blocks of the

sequence of images is a moving object pixel or a back-
ground object pixel by comparing the maximum value of
all nodes of the output units layer with an output thresh-
old.

11. The apparatus of claim 10, wherein after all pixels of
the pixel blocks of the current frame have been evaluated by
the processor, the processor of claim 10 is further configured
for:

updating nodes of the pattern units layer for the next frame

of the current frame according to W(x,y)',=(1-c)W(x,
y),+op,(x,y), where W(x, y)'; is an updated coefficient of
i-th node at position (x,y) of the next frame t+1, W(x, y),
is coefficient of i-th node of the current frame t, p(x, y)
is pixel intensity of a pixel at the position (X, y) of the
current frame t, and o is a predetermined empirical
parameter.

12. The apparatus of claim 10, wherein the processor is
further configured for:

determining whether to add new nodes by comparing the

similarity of the coefficients between two nodes C (X, y),
and C (X, y),,, according to

€ C(x, ), if |C(x, V) = Cilx, y); + <A

U,
e ”'"{ & Clx. Y i [C (3, ) — G, y); + 1] > A

so that if the similarity between C(x, y), and C/(X, ¥),,;
exceeds the threshold A then a new node U(X, ¥),,.,
between C, (X,y), and C, (X, ¥),,, is generated.

13. The apparatus of claim 12, wherein the processor is
configured for determining pixel blocks by eliminating from
the N by N blocks the blocks which are statistically deter-
mined to contain only background pixels comprising:

dividing the current frame into N by N blocks;

for afirst block of the N by N blocks, estimating a similarity

score Z(p,, W,)m between the p, (X, y) and the i-th node
W, in the pattern units layer according to

—llp:(x; y) - W;IIZ]

Z(ps, WiIm = eXp( )

where o is an empirical tolerance, and m=1 to E, where E
represents the total number of nodes in the summation units
layer;

determining whether the first block contains only back-

ground pixels by using the similarity score.

14. The apparatus of claim 13 wherein the processor is
configured for determining whether the first block contains
only background pixels by using the similarity score com-
prising:

obtaining the similarity score in each category of the sum-

mation units layer of the first block of the current frame;
selecting the maximum value from the similarity score in
each category of the summation units layer;
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summing the similarity score within each of the N by N
blocks of each node of the summation units layer; and

the first block is determined to contain only background
pixels when summing the similarity score generates a
value which exceeds an experiential threshold.

15. The apparatus of claim 14, wherein the processor is
configured for obtaining the similarity score in each category
of the summation units layer of the first block of the current
frame is according to S(m)=2,_,#Z(p,, W,),, where H is the
total number of nodes in the pattern units layer of the m-th
summation units layer node, and the processor is configured
for selecting the maximum value from the similarity score in
each category of the summation units layer is according to
S, .m—max,, ., =S(m).

16. The apparatus of claim 15, wherein the processor is
configured for summing the similarity score within each of
the N by N blocks of each node of the summation units layer
is according to

¢= " Snac

Pref

where p, is each pixel value of the first block p; and the first
block is determined by processor to contain only background
pixels when summing the similarity score generates a value
which exceeds an experiential threshold according to

0,if p=7
Asli, J')={

1, otherwise

20
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such that when the block A (i, j) of the current frame exceeds
the experiential threshold T, the block A (i, j) is determined to
contain only background pixels.

17. The apparatus of claim 13, wherein the processor is
configured for determining whether a pixel of the pixel blocks
of the sequence of images is a moving object pixel or a
background object pixel by comparing the maximum coeffi-
cient of the output units layer with an output threshold com-
prising:

calculating values of all the nodes of the output units layer

and obtaining Y, the maximum value of all the nodes of
the output units layer, according to

Y=
m

max
zr,

H
I~E4

where Z,™ is the value of the i-th pattern units layer node in the
m-th summation layer, and H is the total number of pattern
layer nodes in the m-th summation layer, and

the pixel is determined to be a moving object pixel when'Y
exceeds an experiential threshold value.

18. The apparatus of claim 10, wherein the processor is
configured for:

the inputunits layer receiving through the transceiver the p,
(x,y) value in YC,C, color space where Y is luminance,
C, is blue-difference chroma, and C, is red-difference
chroma.



